This article utilizes data envelopment analysis (DEA) in order to obtain technical efficiency and allocative efficiency scores of 23 commercial banks which operate in Turkey uninterruptedly between 2003 and 2012. According to results of CCR model analysis 3 banks are not technically efficient in the first years, the number of technically inefficient banks doubles in 2012. On the other hand the number of allocatively inefficient banks is only 5 in the first year and the number declines to 4 in the last year. The number of technically inefficient banks in the beginning is only one in terms of BCC model yet the number rose to 4 at the end of the study period. The relevant figure for allocative efficiency is 10 in the beginning and 16 at the end. DEA window analysis indicates that public banks with high amount of deposits tend to have higher efficiency scores while private banks have lower efficiency scores. The highest average in efficiency scores for all the banks occur in win4 to win5 (2006--riod. The Malmquist Index is used to analyze total factor productivity and its increase merely by two thousandth (0,002) for all the enterprises.
Introduction
The increasing inflation and the uncontrollable increase in public debt in the 2000s forced Turkish banks to undergo some structural changes. The banking sector was seriously affected by the 2000/2001 financial crisis in Turkey. The number of banks was 79 in t et al., 2012) .
Following the crisis in February 2001, the transition to a free exchange rate policy iness loss banks. The management and the ownership of 20 1 foreign banks (12 of them between 2000 and 2002) were transferred to the Banking Regulation and Supervision Agency by the Saving Deposit Insurance Fund, and investigations were launched against the owners and managers of these banks for corruption allegations. Some of these banks merged with other banks, some were sold, and some lost their licenses. Severe restrictions and regulations were imposed in banking system in order to prevent such problems in the future. One of these regulations is the Law numbered 5020 -put into effect in December 2003-which enables the Saving Deposit Insurance Fund to restructure and partially guarantee the deposits and another regulation is Basel II Criteria, which was put into effect in January 2008.
This study investigates the performance analysis of banks and the development of the Turkish banking sector in the last decade which coincides with the Justice and Development Party rule. The activities of the private, foreign and public banks operating in Turkey between 2003 and 2012, and their progress within the given period are discussed 2 . The banks analyzed in the study account for 99% of the total trading volume of all banks.
The efficiency of 23 commercial banks in Turkey is examined by data envelopment analysis (DEA) in our study. The data used in our study are obtained from the online databank of the Banks Association of Turkey and from the corporate websites of the banks. The data of more than 30 banks are pre-examined. Data including seven inputs and Table 1 provides information on the structure of and the changes in the banks in Turkey. There are 23 banks in the table; 11 of them are private, 9 of them are foreign and 3 of them are public banks. The total deposit of these banks was 155 billion TL in 2003 and the amount rose fivefold with 766 billion TL in 2012. In the same period, the net asset value increased at the same rate. We observe that the rate of increase in the number of employees remain constant around 60%.
In the relevant period, we observe significant changes in terms of capital. The share of private banks in the total bank deposits remained constant by 52% for the last ten years. The share of foreign bank deposits in the total bank deposits increased from 9% to 13% whereas it decreased from 39% to 35% for public banks. In addition, the deposit shares of the foreign banks increased by 44% and the deposit shares of public banks decreased by 10%. Kutlar, A. & A. Kabasakal & A. Dynamic Efficiency of Turkish Banks: a DEA Window and Malmquist Index Analysis for the Period of 2003 -2012 Looking at the number of employees, it is apparent that the share of the employees working in private banks remained constant by 51% for ten years. However, the share of the employees working in foreign banks increased from 14% to 21% in comparison with the total number of employees, but the relevant figure decreased from 34% to 29% in public banks. In short, out of ten bank employees every 5 work in a private bank while 3 work in public bank and 2 in foreign-invested banks.
Ziraat Bank held 22% of the total deposit in 2003 and 16% of the total deposit in 2012. Ziraat Bank employed 20% of the employees in the beginning of the given period and Deutsche Bank has the least deposit and the least number of employees.
Our paper unfolds as follows. Literature review is given in the following section. A brief explanation is given on methodology in section 3 including DEA, Window Analysis and Malmquist Index (MI). The empirical results of the analyses are found in section 4. Finally, the conclusion and the suggestions are presented in the last section.
Literature
The majority of the studies on banking efficiency use DEA and Malmquist Index. A series of models in different time segments with various input and output variables are employed in DEA analyses to investigate efficiency of the banks. Avkiran (2011) lists only some of these studies; however all of the studies are worth mentioning. Das and Ghosh (2006) investigate the efficiency of the Indian Banks over a ten year period between1992 and 2002. They adopt three different approaches intermediation, value-added and DEA approach-in order to define inputs and outputs of the analysis. Their findings suggest that the Technical Efficiency (TE) scores seem to be higher according to the value-added approach and intermediation approach indicates that efficiency scores are low and they decline over the years. The banks with low-risk portfolios and lower nonperforming loans are more efficient as well. Staub et al. (2010) investigate the efficiency scores of the Brazilian banking in the period 2000 2007 using DEA and claim that the efficiency scores are lower than other countries. They also claim that the foreign banks in Brazil are less cost efficient and the state-owned banks are relatively more efficient. Avkiran (2011) investigates the relationship between DEA efficiency scores of a bank and the performance ratios of the Chinese banks in 2007 and 2008 but the results indicate an inadequate correlation between them. Further investigations on how DEA is utilized to select the ratio benchmarks for firm groups imply that for firm based standardization, stock pricing, and regulatory purposes are the areas that ratio benchmarking may be utilized to predict the future values of some financial ratios via efficiency estimates. Yang (2011) uses an enhanced DEA model to investigate the efficiency of the Taiwanese banking industry. The findings suggest that the banks associated with financial holding companies are doing better and the lack of TE mainly results from operating inefficiency.
Pasiouras (2008) employs DEA to explore the efficiency of the Greek commercial banking industry over the period 2000 2004. He claims that higher capitalization, loan activity, market power and the number of branches increase efficiency of banks. Havranek and Irsova (2013) examine and compare the efficiency of the banks in the Czech Republic, Hungary, Poland, Slovenia, Slovakia and the USA for the period 1995 2006. They also examine how different specifications of DEA change the results. They argue that foreign banks operating in transition countries are more efficient. Another finding is that while large banks in the USA are definitely performing better, the results for the remaining Central European and Eastern European countries depend on the way DEA is designed. Paradin and Zhu (2013) investigate 80 published DEA applications in 24 countries that emphasize bank branches. They discuss the key issues in designing DEA models in the relevant studies. They make suggestions on how to design DEA for further experiments. Sufian (2006) investigates the long term trend of efficiency change in Malaysian commercial banks for the period 1992-2003 using DEA window analysis. According to his findings banks exhibits an average efficiency of 90.4%, and small banks outperform larger ones on scale efficiencies whereas large banks have higher pure TE scores. Asmild et al. (2004) implements DEA and MI analyses of Canadian banks between 1981 and 2000 with a 5-year window width. Since five large banks dominate Canadian banking system (around 90%), evaluating the performance of the system imply dealing with few DMUs but greater number of input and output variables. Sufian and Abdulmajid (2007a) investigate the effects of mergers and acquisitions on efficiency of the Singapore banking group using 3-year window analysis and DEA. The study indicates that mergers generate higher efficiency scores. The study suggests that the efficiency of banking groups is around 91.68%; however, there is a slight decline (90.8%) during the merger period due to scale inefficiency. Sufian and Abdulmajid (2007b) investigate efficiency change of commercial banks in Singapore for the period 1993-2003 using non-parametric DEA window analysis. According to their findings the relevant banks exhibit an average efficiency of 95.4%. They Kutlar, A. & A. Kabasakal & A. Dynamic Efficiency of Turkish Banks: a DEA Window and Malmquist Index Analysis for the Period of 2003 -2012 76 also found that small banks outperform the larger ones. They performed a panel regression analysis between performance of the banks and performance of their share price. Their finding suggest that cost efficiency affects stock prices of the Singapore banks and therefore improvements in cost efficiency improve stock performance of the banks. Isik and Hassan (2003) used DEA and MI in their study in order to investigate the impact of financial reforms introduced in the 1980s on the productivity, efficiency and technology of Turkish commercial banks between 1981 and 1990. They report that all the banks experienced high productivity gains driven mostly by efficiency increases rather than technical progress, and efficiency increase did not result from scale increase but renewed management practices. The study suggests that the performance gap between the banks is slowly disappearing. They also confirm that foreign banks are relatively more efficient than domestic banks. Mercan et al. (2003) present a financial performance index for Turkish commercial banks to observe the effects of scale and the mode of ownership on bank behavior and performance for the period 1989-99. Their study indicates that state-owned banks are outperformed by foreign and private banks in terms of efficiency, and large scale banks seem to perform better than small or medium sized banks. 
Methodology
Debreu (1951), Koopmans (1951) and Farrell (1957) are prominent scholars to use efficiency analysis in the economic literature. Following their footprints the number of studies devoted to measurement of efficiency has increased. Use of frontier functions is an important part of measurement of efficiency.
The parametric approach contains deterministic and stochastic models. In nonparametric analysis as in Charnes, Cooper, and Rhodes (CCR) (1979) the specification of any particular functional form is not necessary to define the efficient frontier or envelopment surface.
Structure of DEA and Efficiency
Efficiency may be defined as an effort to obtain the highest output possible by preferring the method that uses the input composition in the most productive way. Methodology used to obtain TE and AE scores is the same as Kutlar et al. (2013) . Assuming a decision making unit (DMU) generates the outputs yi, ( from the inputs xk, ( , the equation can be expressed in the following way by help of the appropriate weights (vi k ) on the variables:
Fractional program utilizes the TFP rate. In other words, DEA should be considered as a conceptual model and the linear model as a practical method in the efficiency calculations. In DEA, weights are determined pertaining to DMUs for each variable.
DEA takes the inputs (xk) and outputs (yi) in the equation given above and selects he performances of other units:
v w p a set of necessary weights to reach this value. Solution of non-parametric efficiency measurement model in the form of fractional programming form was converted to the linear programming model easier to solve (Charnes et al., 1978 (Charnes et al., , 1979 Banker et al., 1984) .
Window Analysis
In DEA analysis if the amount of DMU is limited in comparison to the number of input and output variables some problems may arise due to the lower degree of freedom. In order to overcome such problems, one may consider collecting a panel data to use with DEA window analysis method (Cooper et al. 2006) . Average Efficiency of a DMU may fluctuate over time and capturing these variations is possible with DEA window analysis as proposed by Charnes et al. (1985) . In that way performance comparisons of a DMU in a specific time slot with the same DMU in other time period and with another DMU in the same period can be made. This analysis evaluates the performance of a DMU over time by assuming the DMU is a different unit in each period.
The methodology used evaluating panel dataset with DEA comes from Tulkens and Eeckaut (1995) . A k sized window k {1, 2 . . . . . n; n < m} at time t can be illustrated as a subset of adjacent time points T kt k}. Observed values of this window can be used to build a production set with an intertemporal reference, representing the period of time [t, t + k] . Generating sequential windows, defined for t = 1, 2 , . . . , m-k, creates a series of reference non-nested sets of production. The purpose of treating time series in window analysis averages over the time periods defined by the window.
Having a narrow window size may lead to a fewer number of DMUs and this combined with large numbers of variables diminish the discriminatory power of the analysis. Having larger window size however, may provide misleading outcomes since any important change happening over time may be covered by more windows (Cooper et al. (2011) .
Although there seems to be no theory or justification, a window width of three years is commonly used by scholars such as Charnes et al. (1985) , Avkiran (2004 ), Webb (2003 , and Abdulmajid (2007a, 2007b) . Some other studies (Asmild et al., 2004) utilize more than 3 years as window width, though.
Malmquist Index
Malmquist productivity Index is one of the indices that investigate change in the production (Malmquist, 1953) . Used in DEA by Caves et al. (1982) , this index consists of difference functions representing multi-output and multi-input technologies based on the input and output quantities.
The index can be calculated by parametrical and linear programming methods. Two functions are obtained by the use of DEA. One of these functions expresses the technical change and the other one deals with the change in TE (Liu and Wang, 2008) . MI can be calculated either as input oriented or output oriented. A production oriented Malmquist TFP change index Mh t+1 can be expressed in the following way:
This index can be written in two different ways: 
The part of index outside the brace indicates proportional efficiency change between two periods, and the index inside the brace indicates TE change. This equation can be defined in two parts as follows:
If there is a need to express it briefly, MI is defined as; 
Empirical Findings
In Turkey, some banks ceased operations or management and ownership of some banks were transferred to the state before and following the 2001 financial crisis. Following these negative changes in the banking sector, a series of legal arrangements and structural changes have taken place. Following such arrangements we implemented the activity analysis of private, foreign and public banks which were active between 2003 and 2012 in Turkey. Table 2 indicates the descriptive statistics of the inputs and the outputs which comprises of 230 data from the years between 2003 and 2012. The net assets variable has the highest values and the deposit variable has the highest standard deviations. As given in the table, seven inputs and five outputs are used. The number of inputs used in our study outnumbers several other studies. For instance, in their analysis of Turkish banking sector; Isik and Hassan (2003) applied three-input and four-output variables, Mercan et al. (2003) applied two-input and three-output variables in order to obtain efficiency scores of the banks by using the CAMEL model, on the other hand Fukuyama and Matousek (2011) used twoinput and two-output variables. In this respect, the number of input and output variables is one of the highlights of this study.
Another remarkable point of this study is that TE and AE data are evaluated over a ten-year period. Economic efficiency data is not stated here again since it is a multiplication of these two data outputs. After comparing TE and AE, we aim to determine the outputs which have corrective or detractive (reducing) effects on these scores by using econometric method. While determining the efficiency scores by data development analysis, the surplus of the inputs and the scarcity of the outputs are determined by using input-oriented or outputoriented models. TE and AE are calculated by using input-oriented CCR model with constant returns to scale and input-oriented Banker, Charnes, and Cooper (BCC) (1984) model with variable returns to scale. Thus, it will be possible to observe the success of the econometric method in determining the efficiency scores. In this study, CCR model with constant returns to scale and BCC model with variable returns to scale are used to apply the efficiency analysis and the results are evaluated.
Technical and allocative efficiency of 23 banks determined by the CCR model are given in Table 3 . According to the data 3 banks alone did not have TE as of 2003 on the other hand 18 banks did not have AE in the same year. After ten years, the number of banks without TE raised to 6 while the number of those without AE declined to 19. According to the results of CCR model analysis approximately 25% of the banks did not have TE and 80 % did not have AE at the end of the study period. Some of the banks are observed to be inefficient in terms of AE during the entire period. The year 2008 is the most effective year for all the banks. In 2011 and 2012 banks have the lowest performance. Fibabanka has the lowest rates in terms of efficiency within the given period. The AE score of Fibabanka is 19% in 2003. Even though the number of the efficient banks decreased, the efficiency scores increased. Company  TE03  AE03  TE04  AE04  TE05  AE05  TE06  AE306 TE07  AE07  TE08  AE08  TE09  AE09  TE10  AE10  TE11  AE11  TE12  AE12  AKBANK  1 Company TE03  AE03  TE04  AE04  TE05  AE05  TE06  aE306 TE07  AE07  TE08 AE08  TE09  AE09  TE10  AE10  TE11  AE11  TE12  AE12  AKBANK  1 The efficiency of the banks appears to be higher according to BCC model and 2008 is an efficient year for the banks. In this model, we find that the small scale banks are less efficient. According to CCR model TURKISHBANK is the least efficient bank. Fibabanka, TBANK, BURGAN BANK and TEKSTILBANK are also among the banks with lowest efficiency. The AE score of TURKISHBANK in 2003 was only 20%. The efficiency of the banks decreased in number in the CCR model however, the efficiency scores in the BCC model increased.
Window Productivity Analysis
The window size used in this study is compatible with the methodology of Tulkens and Eeckaut (1995) . The first window includes the years 2003, 2004, 2005 and 2006 . When a new window is constructed, the earliest period is dropped and a new period is added. In window two, for example, the year 2003 will be dropped and the year 2007 will be added to the window. This is run for the entire time period until window 7 analyses years 2009, 2010, 2011 and 2012 . Since DEA window analysis treats a DMU as different entity in each year, in a four-year window width 23 DMUs is equivalent to 92 DMUs. Subsequently, 7 four-year window widths would considerably increase the number of observations of the sample to 644, providing a greater degree of freedom.
By using DEA window analysis in a dynamic process, efficiency of 23 banks for is evaluated for a ten-year period. In each window, an efficiency value for a bank is considered as efficiency score of a different decision unit for each year. Each window contains efficiency values for four years. The window is shifted one yearly period and the analysis is performed on the next four year set, dropping the original year and adding a new year, so the window constitutes of seven lines. In Table A1 Table A1 . The result complies with the rule specified by Charnes, et al. (1985) . The lower the efficiency of DMU is, the higher the standard error is. It is also seen that standard errors of high performance banks is zero or around zero.
Efficiency values of Fibabanka for the year 2005 are 0.834, 0.761 and 0.663. The deviation is above 20% for that year. The results are compatible with TURKISHBANK, which has the second lowest efficiency score. Efficiency score of this bank is 0.758 which is the second lowest efficiency score. Difference in efficiency values of TURKISHBANK is around 10% for the year 2006. Similarly, there is partial instability and low efficiency in this bank.
Fig. 1 Trend of Average Efficiency Scores of Banks in Window Analysis
Based on the results in the Window table, the annual average of TE scores for the relevant period are given for private banks (PvtB), foreign banks (FB), public banks (PublB), and all banks (TB) in Figure 1 Figure 1 indicates that all banks in Turkey started off with lower efficiency scores; subsequently a reduction occurred in these scores. However, public banks sustained efficiency levels until the end of the period. The average efficiency score of public banks may result from the new regulations imposed in banking sector following the crisis in 2001. Table 5 give periodical efficiency scores in the windows of each bank and the last column represents average scores. Efficiency scores in the beginning and at end of the period vary between 0.94-0.95 which suggests that the banks operating in Turkey had a stabilized structure in the given period. The last column of the table gives efficiency average of each bank. According to last column A&T Bank, AKBANK, ABank, and Ziraat Bank are the first three banks with highest efficiency scores. Efficiency scores of the banks vary between 0.998 and 1. It is noteworthy that one of these banks is a public bank (the biggest one among all banks), two of them are private banks and the last one is a foreign bank with a low volume. Fibabanka is the least efficient bank with an average efficiency score of 0.866. The average efficiency scores suggest that all banks have stable efficiency scores. 2003 -2012 , 71-97. Table 6 gives efficiency score by year and periodical average of the banks. Efficiency averages of the banks indicate that A&T Bank, AKBANK and A Bank are the first three banks with highest efficiency scores followed by Ziraat Bank. AKBANK ranks the fourth in the previous table that represents estimated periodical results however it replaces Ziraat Bank in this table. Scores of the respective banks vary between 1-0.99. These banks sustained high efficiency scores throughout the period. Furthermore, Fibabanka exhibits the lowest performance within the given period. Fibabanka had a score of 0.497 in the beginning of the period; however its efficiency score changed ultimately in the end. Despite its performance Fibabanka has the lowest performance among all banks. Finally, all the banks exhibited constant and increasing trend for the period. Finally, the banks are evaluated in terms of stable efficiency. In Table 7 , the last column gives the biggest difference between the windows of DMUs. The fifth column indicates the highest difference of each DMU given in the Window table for the same year. The fourth column shows standard deviations of the average efficiency scores. As seen in the table these two variables are high for the banks with the lowest efficiency scores. Fibabanka and TURKISHBANK have the lowest average of efficiency score. The window difference value of Fibabanka is 50% and that of TURKISHBANK is 37%. 
Total Factor Productivity Analysis with Malmquist Index
Productivity scores and parameter estimations of the banks are obtained separately in terms of TFP Analysis with an output-oriented MI. In this analysis values for TFP Change (tfpch), Technical Change (tch), Efficiency Change (ech), Pure Efficiency Change (pech), and Scale Efficiency Change (sech) of those banks are estimated. Table 8 represents the results of constant returns and input-oriented TFP model by using MI. In the first five years and mainly in 2004 and 2005, TFP is below one. The lowest productivity is in 2011 with a decrease by 15%. The highest productivity is in 2006 with an increase by 11.5%. When we take the mean values of the whole period into account the TE change, the pure efficiency change and the change in the TFP are below one. This leads to the conclusion that the productivity change in the period exhibits a decreasing trend. The TFP decreases by 0.5%. The relevant figures suggest that banks did not incur much loss. Kutlar, A. & A. Kabasakal & A. Dynamic Efficiency of Turkish Banks: a DEA Window and Malmquist Index Analysis for the Period of 2003 -2012 , 71-97. Table 9 represents TFP and other efficiency changes of the relevant banks according to MI. When the efficiency of the entire period for all the banks is taken into account, we see that pech value decreases by 0.2% whereas tch value does not change at all. The ech and tfpch values increase by 0.2% and sech value increases by 0.4%. There are 6 banks tfpch of which is below one. In terms of mean efficiency of all the enterprises, all values except for pech increase by thousandth. If Malmquist and Window analysis are evaluated together, one can see the relation between the efficiency change and the efficiency levels obtained in form of moving averages. The following figure represents both tfpch and Window efficiency scores. Even though its efficiency score is high, tfpch of Deutsche Bank shows low performance. Other values are in parallel. As seen in Figure 4 , trends of window average changes (WINDOWCH) and year average changes (YEARCH) seem to be similar however deviations in window average are stronger. Surprisingly if changes in TFP level (TFPCH) is higher, the window average lowers and year average changes. In other words, as TFP gets higher in value, deviations in window and year averages decline. Deviations of FINANSBANK and Deutsche Bank are noteworthy as well. According to CCR model analysis 3 banks are not technically efficient in the first year; however the number of technically inefficient banks rose to 6 at the end of the period. In AE analysis 5 banks are efficient in the first year and the number of efficient banks declines to 4 in the last year. Thus, approximately 12.5-25% of the banks do not have TE and 75-80% of the banks do not have AE according to CCR model analysis. The results of BCC model analysis indicate that number of technically inefficient banks in the beginning of the period is one and it increases to 4 at the end. The number of the banks that have AE is 13 in the beginning of the study period then it decreases to 7. Even though efficiency of the banks decreased in number, efficiency scores increased in both BCC and CCR models.
The results of the constant returns and input-oriented TFP are found using MI. The TFP in the first five years mainly in 2004 and 2005 is below one. The lowest productivity is observed in 2011 with a decrease by 15%. The highest productivity is seen in 2006 with an increase by 11.5%. This leads to the conclusion that productivity change in the study period exhibits a decreasing trend. The TFP decreases only by 0.5%. These figures suggest that the banks did not incur much loss.
Window average efficiency scores of the banks obtained using DEA window analysis vary between 0.94-0.95 throughout the period which indicates that the banks operating in Turkey in the given period exhibits a stable structure. A&T Bank, AKBANK and Ziraat Bank are the first three banks with the highest efficiency averages. One of them is a public bank (the largest of all) the other is private and the last one is a foreign bank. Fibabanka is the least efficient bank with an average efficiency score of 0.866. Overall, all banks included in the study have constant efficiency scores.
Efficiency scores and periodical averages of the banks analyzed by DEA indicate that A&T Bank, AKBANK and A Bank are the first three banks with highest efficiency scores followed by Ziraat Bank. These banks sustained high efficiency scores throughout the period. Furthermore, Fibabanka exhibits the lowest performance within the given period. Fibabanka had a score of 0.497 in the beginning of the period; however its efficiency score changed ultimately in the end. Two banks with the least efficiency are among the ones with the highest window difference and standard deviation value. We can claim that decrease in efficiency scores results from the financial crisis experienced in 2008 
